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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a sulfide protective film on the surface and to improve the 
service life of a tool without deteriorating the quality of the product by specifying the compsn. 
in steel and controlling the form of Ca in sulfide inclusions. 

SOLUTION: A steel compsn. is composed of 0.05 to 0.8% C, 0.01 to 2.5% Si, 0.1 to 3.5% Mn, 
0.001 to 0.2% P, 0.005 to 0.4% S, 0.001 to 0.1% Al, 0.0005 to 0.12% Ca, 0.005 to 0.01% O, 0.001 to 
0.04% N, and the balance Fe. Moreover, in the case the area ratio of the sulfides in which the Ca 
content exceeds 40% to the area of the whole of the examined and observed visual field is 
defined as A, the area ratio of the sulfides in which the Ca content is 0.3 to 40% to the area of 
the whole of the examined and observed visual field as B, and the area ratio of the sulfides in 
which the Ca content is less than 0.3% to the area of the whole of the examined and observed 
visual field as C, A/(A+B+C)<0.3 and B/(A+B+C)>0.1 are satisfied. 
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(57) [9m UfcEW) 

C, Si, Mn. P, S. Al. Ca. N 
ZSmV. HJCifiJSCCt&D-CC r . Mo. Cu, Ni. 
B. Nb. Ti. V. Ta, Zr. Pb, Bi. Se, 

^3J«^*fi«!*> 6 D . IOCa 4 0%^ 

A. Ca^rS^O. 3~4 0%©1jftft&©SBSc«g8l 

ij£<*<Dmstfc*t-rs®»*£B. c&^mm&o. 3 

®8l^*Cit--SB#. A/ (A + B + C) £0. 3. 
oB/(A + B+C) ^0. 



(5i)intci. 7 mm^ 

C 2 2 C 38/00 3 0 1 

38/06 
38/60 



1 

[1**91 ] C : 0. 0 5-0. 8% (JWT. ftiEV 
ji^KDSfi%?r^l*-r-5») . S i : 0. 0 1-2. 5 
%, Mn : 0. 1-3. 5%. P:0. 0 0 1-0. 2 
%. S:0. 0 0 5-0. 4%. A 1 : 0. 001- 
0. 1%, Ca : 0. 0005—0. 02%. 0:0. 
00 05-0. 0 1%. N:0. 00 1-0. 0 4%* 
Ml/. SWF -e&OT^ttTtt&fefe&Dt loc 
atW4 0%*^^.S5S{t!B)<Dia^tl^«»^*CD 

satc^T-saa^A. ca$w«#o. 3-40% 

®tt<H»©l«E«S«WBfe(*©iiilil«:*M- ^ffiS^* 
B. Ca£*«#0. 3%=t*3^l^<b«5©i@Sil^ 
tlif^*©MStC*f-r^iSa^C<!:r^l^. A/ (A 
+ B + C) g0. 3. #>-oB/ (A+B + C) ^0. 1 

[f»*9 2 ] 1**9 1 KiBtt©££iiS#fc:Jin*.Te 
CC. C r : g3. 5%. Mo : g2. 0%. Cu : g 
2. 0%, Ni : g4. 0%. B:0. 0 0 03—0. 
0 1%O^©liSWJ 2HfcLh£^r 1/ . HtC&S 
(CtfcOTNb : g0. 2%. Ti : g0. 2%. V : g 

0. 5%. Ta:g0. 5%. Zr : SO. 5%©5£ 
li*te«2 lait^O, W F e SO^PpJjS^ 
mm^tj: 0. IOC a3*8«*4 0%*m%.Zffiit® 

<DzM&mmvm±#<Dwmi l <:tt-r zwmmz a, cas 

0 . 3 - 4 0 % <Dtt{fcft®ntEflB^K£WDft 
atC*f-r-5Ma^=S:B. CaMl*5 0. 3%£<0'PU 

1. >ffitt®<Dm%t&mnm3;#<Dwmictt? zwmmz c 

<b-r-SB$. A/ (A+B+C) g0. 3. *oB/ (A 

+ B + o io. i-c**ci**«»frstt»J»pitt 
[W*93 ] i»*9 1 tcie*g©^#^cctti^rM 

(C. Pb : g0. 4%. Bi : ^0. 4%. Se :g 
0. 5%. Te:g0. l%©HOia*fc»2ife( 
±£^W L . glSB** F e j&VZFinm*mit» h ft <9 . fi 
OC a$WS#4 0%*a^..5^b^©iS«tl^Iif^ 

itowmtcti-rzwmmzA, caswi^o. 3-4 
0 %©m^©ijssi8?§m»£<*©m*mc*t-r zwmm 

*B. Catffl*!0. 3%£9^frl>5ftfMJ9©l)3StS 

^K±<*©ffia«:>ptT^ai«^?:ci-r^B#. a/ 

(A + B + C) ^0. 3. *oB/ (A + B + C) ^ 
0. l-C*SCi*#Si<!:TSliSBlJ»aXl4«:«n?ctg|« 

[f**94 ] 19*92 tClBtE©^^tcmTH 
tC. Pb : g0. 4%. B i : g0. 4%. Se:S 
0. 5%. Te:g0. 1 %©^ ^© 1 S$fcB2SJii 
±4Ml. B.OC a^rfi#4 o%z&z.2>mm<D 

lassi^taif^i*©® ate *t-r •*> mmm* a . catw 
s# o . 3-40 yo<Dmm<Dmmmzm±w<Dmm 
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-rSB#. A/ (A+B + C) g0.- 3. *oB/ (A + 
B + C) ^0. l"C*-SCi%^m<k-r-5.ISglitt]XttK: 

stitdamimmm. 

[0 00 1 ] 
[0 00 2] 

10 u&.*<Dtm] sMmmmmvmmstizmmvWiffim 

^Ug^<!:©^ttJ)nXTfIJnXL/c«. «J 
BWOItc J: oT3fM©^f^KK:f±±if SOMWlT 

as. wmix©^* F^tiiw*?.. ^BUtttc 

[0003] •^I-c*>^iHlJttlxx^i«a^^i'©g^5D a ^ (cM 

^^fflt^*;u^^A^US93!)Sgg^$tirfc<3 (03 
*.««WBB4 9-5 8 1 5) . mm±.&m2tiri>&. 
*»9§#tt*fcC attBlWfcWaU - 1 6 3 

20 1 8 O^asgl/fc. Clti«^iM©3c#%SJ&Ufcfe© 

-cas. 

[0 004] 

[^a^&oj^i-rsiss] ±ie2#©^erpi5K: 
-r-&s*fc^6n-r. cn*T<otti4J:»)feM.Kteiw 

[0 00 5] 

30 [wm*mvk?z>tc&<D^m *Bmma. a*©w3s 
s*«:<t«3»jjnxtt{cffn. jaotfp>-o#©4>fri,>tfc 
[0006] WMMSfltiSfflMccfci'T. «l*©^b«j 

&fttm*P<DC aS£l*3irr£*&Ccfc OJSfJfflX*©^ 
ffitc5S^b!gJ^©XRffiSa84^fiS L/ . XJWift© 
(6]±*S-2.fe©-C*«3. -e©ggiTS<!:C5«Tia 

( 1 ) - (3) ©M9-C&-5.., 

[0 00 7] (1)C:0. 05-0. 8%. Si: 
40 0. 0 1—2. 5%. Mn : 0. 1-3. 5%, P: 
0. 001-0. 2%. S : 0. 00 5-0. 4%. A 

1:0.001-0. 1%. Ca : 0. 0 0 0 5-0. 
02%. 0:0. 0005-0. 01%. N : 0. 00 

1-0. 0 4%4MU 8i9Srt<F zJ&U^WMXW&l 

m$mm±&<Dwmim? s mmm z a . c a ms 

# 0 . 3-40 %©«H&eJ©SB3£«3§?t&» ±#<Dwmic 

zt-rzmmm&B. ca^ws^o. 3 %,**)*!>&(,»«* 
< b!gj©iassi^tiif :£<*©ffia«:2tr s®a^* c «t -r 

50 SB#. A/ (A + B + C) g0. 3. *>oB/ (A+B 
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+o so. i-c**c4fti#«ir*«saw»nxttK« 
titcwmm&mm. 

[0 00 8] ( 2 ) ±te ( 1 ) iCiBMV'S&f&MClJaZ. 
XWtC> Cr:^3. 5%. Mo : g2. 0%, Cu : 
g2. 0%. N i : g4. 0%, B:0. 0003~ 
0. 0 i%©5-£©l«g/c«2@Ji(±£$«U JBCC 
sttStdStrNb : gO. 2%. Ti : gO. 2%, 
V: ^0. 5%. Ta:^0. b%, Z r : gO. 5% 

©^iiswj2 wa±*s* L , m&p F e aw 

pJ»*W»*»5&»). ar3Ca^WS*S4 0«riBA4«S 10 

a ^Wfi# 0 . 3-4 0 %<D^b^<Dia3Etl^aS^<* 
©M«(t*hrSS»*£B. CaMlASO. 3%<fc9 

Ci««f, A/ (A + B+C) ^0. 3, *>-3B/ 
(A + B + C) SO. l"C**Ci*«ik4-r*iaBHlD 

[0 00 9] ( 3 ) ±IB ( 1 ) KEtt©^feJ5S»{CilDA 
tlK, Pb : gO. 4%. B i : gO. 4%. S e : 
gO. 5%, Te:gO. 1 %©5 fe© 1 ffi*/ctt2S 20 
JSLh&d* 1/ . JtiSBtf F e R^^FpJj8^ttt»^ 6 & 9 , 

roc a ^rfi#4 o zmiVtoom^wmmi 
^©ffisccsfr-ssm^^A. caMi^o. 3- 
4 0 %©wt^©iasa^iaif^ft©ffi«(c^-r s®a 

wmvw±#<Dwmic*tjrzmmm*:ctTzm. a/ 

(A+B + C) g0. 3, *oB/ (A+B + C) S 

mmmm. 

[0010] ( 4 ) ±E ( 2 ) {ciatECD^^^Kjjn^ 30 
TIK, Pb : gO. 4%. B i : gO. 4%. S e : 
gO. 5%, Te:gO. l%O^^CDli*fcH2i 
fcLL^WU JL^Ca^S^4 0%?:ffl^.-5^b^ 
©S8£t&£?mif:£<*©ffi»K#Tr SB«^* A . C a $ 
Wfi# 0 . 3 - 4 0 %<Dmit®<D99£:tmtim±#<DW 

mctt-rzwmmzB. caMi^o. 3 

iT-SBf. A/ (A+B + C) gO. 3. *r)B/(A 

+ B+o so. i~cabz>ctzimt-tzMmiiai.te 
KihfcSiiiffla. 40 

[001 1 ] ^m^Mmict, ±IB^fi£i^ft!Bj^SS«:#® 
[0012] 

[flUB] WTfC. *^«:*JW^^CD{b^«fi5tSO*^ 
[0 0 1 3] C : 0. 05-0. 8%. 

c«sag*Fgshr ^/c*(c^^7c^r&»). o. 05 
%mm-cit&&&m&$ti-r. — 0. 8%£s*.£ so 
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[0 0 1 4] S i : 0. 0 1-2. 5%. 

s i itmm^<Dsmmtux^msti. ^tcmxti^ 
fl±;*t>-£7cgi-c&s„ o. o i %5fcmvteffim<D%)& 
trnhft-?. 2. s%*&z.-c&mKm&zti&tm& 

[0 0 1 5 ] Mn : 0. 1 -3. 5%, 

Mn««wb^^5rc<&9. o. i %$m-c\mm<D 
as**i»6*vr. 3. s%*m7i z>tm<Dmzttz< 

[0016] P : 0. 001-0. 2%„ 

0. 0 0 1%*«-Ci«©!9ll«l^nf, 0. 2%£ 
jfi^SiSStt©^***^., 
[0017] S : 0 . 005-0. 4%. 
S«^IJtt©lp]±«:W^7C*r*6 0 0. 0 0 5%* 

■ffi-ctzmm<D®%J>mt>n-r. o. 4%*jS*.&<!:$gi4 

£&tt£M{b£ 9 Jg^cttCa <hffii*©C 

[0018] Al : 0. 001-0. 1%. 

\,to. oo l^wi^its. — o. 
^b^#-5„ 

[0019] Ca: 0. 0005—0. 0 2%. 

^b#£HCCa£^W;* Ca£0. 
0 0 0 5%JSU^W-r£*#!&M-Cc&3„ — 0. 0 
2 % £ £ jSfUJtt C a «iSI6.£©C a S ^JSLT 

g#£XHK: a^cai*** t fc & 

[0020]O:0. 0005 — 0. 01%. 

o«^b^*^5-a--s©tc^snc7c^-c*.s. jSSCC 
4>&<,>0«. im-S.OCam^^MtC^J&Stt, » 
Mfe^&fbStf 0. 0 0 0 5%feLL©O#s. W. 

£U<teO. 00 15%4fiil>OiOSM-C*5. - 

o. o i%*mz.x^m?zt0>m<Dmmmmt l c 

Silted -5. 

[0 0 2 1 ] N : 0. 001-0. 0 4%. 
N^ra©8i*<fcl»±«C^tt^r*9. 0. 0 0 
lXfeLb&B-C&S. — o. 0 4%*e^.r^wr 

[0 022] *ffeW©aBlMfCffnA:«tfi*jifflSHK: 
». ±feRS^(Crt^.rHOCC r > Mo. Cu. Ni. 
B, Nb. Ti, V. Ta, ZrOH©llifc«2 
ftfcLb&^-C^Tfcja*. M(c«cn6tcJjn^.TP 
b. Bi. Se, Te©5^©l«$/cW2«fcU:5:^ 
/^-COTfeJa*. Cft6©^7c3R©8jm<!:^rfi£l& 

[0 023] Cr : g3. 5%. 
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C r «&A*l14ft±KW3»ft^T&S#. 3. 5%Z 
[0 0 2 4 ] Mo : ^ 2. 0%„ 

Mo«cr t^mmicmxti^±icm^]fj:7vm-c$>^ 
2. o%*mz.z>£zix hw<c*s^-c^m-e$>*), 

[0 0 2 5 ] Cu : ^ 2. 0%. 

cute.%m*®mK.h, mm*fo±$-ttz. 2. 10 
0 <t mrumjLtezmi 1 3 -a- * i <t tcagiji* 

[0026] Ni :^4. 0%„ 

[0027] B : 0, 0003-0. 01%. 

k>. o. o o o 3%*«T}i^©»5fse,nt , o. 
o i%*Mz.ztten,%i.zw*i<t?z£ti>t l c. mmm 20 

[0028] Nb : ^0. 2%. 

f?t-c*s#, o. 2%*ffix.r^*$-B-rfc^*s|gfa 
T&fcs!>. -tfKKif&D'ro. 2%*-css»nL/r*>^i\ 

[0 029] T i : ^0. 2%. 

Ti»Ni^ltTiN4flU B©&Anteft± 
^?r^»3-t±S7C«'C&S*5. 0. 2%&MX.X*£m 

30 

[0030] V:^0. 5% 0 

VWC^N<t^bTE*g{b^££j&U *£Hfi*S&*ffl 
ittZMMkZmtZ. 0. 5%*®^.r^W5li-Tfe^ 

^figfn^Sfc26. ^SfciEDro. 

[0 0 3 1 ] Ta : ^0. 5%. 

[0 032] Zr : ^0. 5%. 40 
ZrBTa iSifKL/tttlf U tSH&£S&*eHbl,$9 
t££fr±3tf£©KW^&7C^-t , ;fc.2>„ 0. 5%^fix 

[0033] Pb : ^0. 4%. 

u *t\&mftmm*fa±.z j £z>mm*m?2>. o. 

©A#^tka©/c«6{C3a*jA«cPbii*S*r^*. ctfSL, so 
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xmtp<oKmtnz>t<Lib. ±m*o. 4%t-?z>. 

[0 034] B i : £0. 4%. 

Biupb tmMLtc®.mzm-?z>mm*:fo±2&z 

7xMT-2bZ>c 0. 4%feLt©i&^C«B i ©P^©?§fi? 

iAxmm, imo-cmtpoxmtteztcib. ±mzo. 

4%t?Z. 

[0 03 5] Se : gO. 5%. 

£ffe£L-$>-T< ±m&0. 5%t?Z. 

[0036] Te : ^0. 1 %„ 

o. i%*Mzz&m?j;m&i l ci l zmffli}aj-\£ : $:mit2i± 

[0037] -ft&mmm •■ e pmakj: o . taso . 

gs.ca mi* 4 0%^ tmom&mmu 
m£#<Dwmtczt?zmmmzA. catwi^o. 3 
~4 o%cD^t^oissii^mK^cDastci=f-r^M 

&®.mm-£#<Dmm<<m-rz>ffimm*c t-rzm, a 

/ (A+B + C) ^0. 3. 4>oB/ (A+B+C) ^ 
0. 1. ±fa{bW&a>6&-5IBfc:*5t,>-cw: > — 
<t^W^<D^S^*iMnS-C*0, Mn©-WCaK 
S8S 3 *i S C a -^©g^tDggtc J: «3 «&{ b^©1±J? 
#M&-5. M$A«itaift©3 0%€ra^.SB$« 
5S{t«J«itfa*©C a SAii&SfJi&oT. KjSt££^b 

p.o#4>A^^= —7?. iafB«tMft©10% 
£TIH & <t M n 2p 6 C a ^©ggS©*!^*^ £ < 3fM© 

[0 03 8] 

«1^6«4(C^-r{b^iffl^Wr -SIB* 5 ton7- 

gu>t* 1 5 0 k gnmmMgmm&tcrmmu 
it. '&?>titcmmz> mim.z/^3<ommi>c-o^^xam. 

&9 OmmOA&Kffii. ai>|2£jfiu 12^4 
©IHatcol>-C«ii:S5 0 mmO^tcffS, 

r «. w*3S 1 (c^-r -s* 1 tcfci^-as s 1 5 c . s 

4 5C. S5 5C£. W^2tCfe^-r-2,^2tC*Jt^r 
BSCr415, SNCM42 0. SCM4404, W 
*^3K^-T^3(C*i^-C«S4 5C*. ftt#JS4 
Kg^rr -5*4 tCfct^T« S C M 4 4 0 0 tc. 

[0039] mg&zftffi-rztc&ic. mmmcimwi 



coo40] mmzmmrztcebic, * 1 *»e>«4© 

ot>r£S:*3ffii«{CJ±*8Sia 1 . bK cl, dl, 

e i . f i ©ii»ab?pi4 1 1 Ltcms, -e-n-en© 
xMrn^mmttm^ma l . -e n -en ©i it t u 
fc. 

[oo4n mt®&&mr zttibic, zmmmmx. io 
o^r^tm^exu, e PMAfc <fc k> . taso. o 

c a ^r*#4 o%zmit zmm<Dmm$.mm±& 
(Dmmiczt-rzwmmzA. caMt^o. 3-40 

jEjQgg (mass*) 
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*B. Ca^TS^O. 3%ct9^&^^©l83Eil£f 
mff±(*©^(C*t-rSM«**C<!:L-C. A. B. C 

[0042] w&zmffif?2>tc#x l ci§mu&i*mML 
mm^tm&uLi i ss-^tsifc^miSEu j i s z 

2 24 2«:S£orHJSLit„ 

[0043] *2*cD««:-oc>r^An^©ie^-xf 

[0 044] *3R^*4 43©^{C-?l ( ^r«. IEJii£t,> 

[0 04 5] 
[*tl ] 



ML 



No. 



Mn 



Ca 



Al 



A*B+C 



A+B+C 



X^ 



MS 



®S5 



A1 



0.15 



0.22 



0.55 



0.018 



0019 



0.0028 



0.019 



0.0022 



0.009 



0.3 



15 



A2 



0.16 



0.05 



0.45 



0.003 



0.029 



0.0021 



0.004 



0.0015 



0.008 



0.2 



22 



A3 



0.16 



0.31 



2.02 



0.059 



0.098 



0.0007 



0.021 



0.0047 



S15C 



0.005 



0.2 



8.2 



Ha; 



A4 



0.15 



■ 1;34 



1.25 



0.023 



0.016 



0.01 1 1 



0.003 



0.0008 



0.006 



01 



O.B 



16 



0.15 



0.33 



0.39 



0.016 



0.015 



0.0001 



0.016 



0.0021 



0.008 



1.0 



&ttt 



a2 



0.16 



0.32 



062 



aoi6 



0.091 



0.0034 



0.022 



0.0019 



0.007 



0.4 



0.4 



1.9 



a3 



0.14 



1.12 



3.99 



0L025 



0.201 



0.0023 



0.028 



0.0017 



0.013 



0.3 



0.7 



3s: 



0.15 



023 



0.31 



0.024 



0.055 



0.0006 



0-000 



0.0183 



0.016 



0.1 



1.2 



B1 



0.45 



032 



0.75 



0.015 



0.052 



0.0021 



0.002 



00039 



0.012 



0.2 



27 



B2 



0.44 



2.02 



1.49 



0.032 



0.021 



0.0035 



0.011 



0.0022 



0.019 



0.5 



8.5 



B3 



0.45 



0.26 



0.13 



0LO11 



0.032 



0.0012 



0.020 



0.0014 



S45C 



0.007 



0.3 



15 



164 



b1 



0.47 



0.31 



0.57 



0.016 



0.021 



0.0001 



0.011 



0.0013 



0.011 



1.0 



177 



b2 



0.47 



2.98 



1.52 



0.015 



0.055 



0.0003 



0.015 



0.0112 



0.010 



0.05 



0.8 



b3 



0.44 



0.36 



1.01 



0.020 



0.003 



0.0025 



0.037 



0.0004 



0.004 



0.1 



0.7 



1.6 



172 



b4 



0.45 



1.08 



0.66 



0.253 



0.051 



0.0018 



0.017 



0.0038 



0.011 



0.1 



6.7 



3 



fir 



180 



180 



IE 



169 



76 



CI 



0.55 



0.34 



0.73 



0.005 



0.018 
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